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A論 文 内 容 要 旨         E
The increase in world population amplified the anthropogenic activities, which also imply 
the change of environmental conditions. The adverse effect of the anthropogenic activities on the 
environment includes climate change, land subsidence, and land use change. Land use change 
increases the impervious zone, which can increase the runoff coefficient. The increase in runoff 
coefficient can amplify the river discharge during the rainfall event. The lowering ground surface 
elevation is one of the consequences of land subsidence, which facilitates flood water to inundate 
the land areas. On another hand, the heavy rainfall will be more intensify due to climate change. 
Therefore, these environmental change could amplify the flood risk, particularly in the megacities 
of developing countries. The assessment the change in flood risk and flood adaptation measures 
under these environmental change are required. The major objective of this research is to aim to 
explore plausible options in addressing the global concern on environmental change impact on the 
megacity of developing countries. For this purpose, the current and future situation of flood risk 
in a megacity of developing countries are estimated in monetary term through the development of 
hydrodynamic and economic models. The effectiveness of different adaptation measures is also 
evaluated to reduce the future flood risk. Jakarta City, the capital city of Indonesia, is considered 
as the study area for the proposed research (Figure 1(a)). It has rapid urbanization growth and also 
is experiencing all above environmental change. Moreover, the surrounding cities also are 
undergoing rapid urbanization. In addition, Jakarta City has experienced many floods in the past 
with the increase in flood occurrences trend as shown in Figure 1(b).  
To assess the change in flood risk due to the environmental changes, an integrated 
hydrodynamic-economic model was developed, which mainly consists flood inundation model 
and flood damage costs model. The flood inundation model consists of three module, i.e., a 
  
     
Fig. 1 (a) location of the study area, and (b) Trend of flood occurrences in Jakarta city 
(a)                                         (b) 
rainfall-runoff model, river flow module, and inland flow module. Three components constructed 
the flood damage costs model, i.e., the hazard map obtained from the flood inundation model, the 
asset values used as the exposure and a damage-depth function represent the vulnerability. 
Moreover, three future scenarios were conducted to represent the projected flood risk. This study 
employed the daily precipitation dataset from the model output of 24 combinations of 8 global 
climate models (GCMs) and 3 representative concentration pathways (RCPs) (i.e., 2.6, 4.5 and 
8.5) to represent the climate change. Projected land use and land subsidence rate were used to 
assess the impact of land use change and land subsidence on the flood risk by 2050. Two main 
categories (i.e., structural and non-structural) of flood adaptation measures were applied in this 
study. The structural adaptation measures consist of recharge retention ponds, recharge wells, 
Garuda Project’s effect and green infrastructure. The non-structural adaptation measures consist 
of land subsidence control and land use control policies. Additionally, the flood risk in this study 
is represented by the expected annual damage costs (EADC). 
The flood inundation model was calibrated and used to estimate the damage costs for the 
present condition. The performance of the model was defined using standard statistical indices 
showed that the R-value for the Katulampa and Depok stations are 0.83 and 0.91, respectively. 
The RSR value for Katulampa and Depok stations are 0.59 and 0.60, respectively. While the NSE 
values are 0.65 and 0.64, respectively. Based on the analysis, the total of EADC value for the 
present condition is 707 million USD, which is spatially distributed around the city as shown in 
Figure 2(a). The central of Jakarta city is the highest value in EADC, owing to the government 
office and business sector are located in the area. 
The environmental changes significantly increase the future flood risk for a megacity. For 
the single driver, the land use change amplifies the future flood risk higher compared to other 
drivers. Figure 2(b) shows the change in flood risk under future scenarios. The land use change 
could amplify the flood risk by 99 % while the land subsidence increases the flood risk by 95 %. 
The climate change alone increases the flood risk the near future by 54 % to 100 %, with a 95 % 
confidence interval. Moreover, the combination of climate change and urban development 
amplified the mean future flood risk with a 95 % confidence interval by 322 % to 402 % in 2050. 
All drivers could also increase the uncertainty of future flood risks. Moreover, the results show 
the future flood risk could be more severe and more uncertain in the far future. 
 
 
Fig.2 (a) Spatial map of expected annual damage costs 
(EADC) for the present scenario, (b) The projection of 
expected annual damage cost (EADC) under 
combination climate change and urban development scenario for the near future (2011 to 2050) and far future (2051 
to 2100) (LU denotes to the land use change and LS denotes land subsidence, while 2050 indicates the year of 
preojection), and (c) Probability distribution function of EADC for structural adaptation measures for near future 
(2011 - 2050) (No adaptation denotes the flood due to combination all future scenarios) 
 
According to the results, recharge and retention ponds have the potential to reduce flood 
risks by 31.5 – 33.8 %, which is higher than the potentials of the other structural adaptation 
measures as shown in Figure 2(c). Meanwhile, among the non-structural adaptation measures, 
managing land use zones could alleviate flood risks by 28.3 % - 33.0 %. Moreover, some of the 
adaptation measures applied in this study have additional benefits. Recharge retention ponds and 
recharge wells could reduce the land subsidence rate since they could potentially recharge the 
groundwater with 7 and 2 million m3 of floodwater, respectively. Additionally, the use of green 
infrastructure could also assist in alleviating the warmer climate by sequestering 242 thousand 
tons of carbon emitted into the atmosphere. Furthermore, the megacities of developing countries 
have a complex problem that must also be solved. 
Our findings demonstrate that the megacities of developing countries should take some 
initiatives to reduce changes in flood risks due to environmental changes. They should consider 
applying multi-benefit adaptation measures that could not only reduce flood damage costs but 
also alleviate other problems such as land subsidence and air pollution. In addition, this study 
shows examples of multi-benefit adaptation measures that could be applied to other megacities. 
The present research generated knowledge of possible adaptation measures in reducing the flood 
risk under future environmental changes scenarios for a megacity in developing countries. It is 
expected this study will assist the authorities to decide on the flood prevention for future 
scenarios. 
 
 
 
(a) 
(b) 
(c) 
 論文審査結果の要旨及びその担当者 
 
論文提出者氏名 Nurul Fajar Januriyadi 
 論 文 題 目 Evaluation of Adaptation Measures for Flood Risk under Future Scenarios Using 
an Integrated Hydrodynamic-economic Model（水理経済モデルを用いた将来シナリ
オによる洪水適応策評価） 
 論文審査担当者  主査 准教授   小森 大輔            
    教 授   中谷 友樹      教 授   李 玉友   
    准教授   村田 功       教 授   風間 聡   
（工学研究科） 
 
論文審査結果の要旨 
 
世界有数のメガシティであるインドネシア国ジャカルタ市は，洪水氾濫被害が深刻であり，気候変動と
地盤沈下，ならびに都市の拡大によって将来にそのリスクが増加するとされている．このような背景から
本論文は，ジャカルタ市の将来の洪水の影響を明らかにするとともに，複数の適応策について定量的に評
価したものである．本論文は全 7 章よりなる． 
第 1 章は序論である．気候変動による洪水の影響に関する研究成果を収集し，本論文の目的と新規性に
ついて述べた． 
第 2 章は，研究対象領域のジャカルタ市ならびにチリウン川流域について言及し，過去の洪水被害につ
いて説明している． 
第 3 章は，降雨流出モデル，洪水氾濫モデル，被害額推定モデル，気候モデル，ダウンスケール手法，
対象とする適応策について説明している．被害額推定モデルは，本研究ではじめて開発されたモデルであ
り，GDP によって途上国の資産価値が推定できる極めて有用なモデルである． 
第 4 章は，3 章で開発したモデルの検証と考察を 2013 年の洪水を対象に行い，氾濫域と被害額の推定
が妥当であることを示した．また，他のメガシティとの比較を行い，ジャカルタ市の洪水対策レベルの低
いことを示した． 
第 5 章は，将来の洪水被害額の推定を行った．8 つの気候モデルと 3 つの温暖化シナリオを用いた将来
の降雨，地下水のくみ上げに伴う 2050 年までの地盤沈下と土地利用変化について推定を行い，2100 年の
被害額は気候変動よりも土地利用や地盤沈下の影響が大きく，2100 年頃の年期待被害額は約 10 億 
USD/year 増加することと，その不確実性が同じオーダーで存在することを明らかにした．将来の洪水リ
スクについて気候変動と都市変化の差異を定量的示したことは，世界で初めてであり，新規性のある成果
である． 
第 6 章は，洪水に対する適応策の評価を行った．浸透機能を持つ遊水地は年期待被害額を 33%減少さ
せ，浸透井戸や防潮堤などの他の適応策に比べ最も効果が大きかった．また，グリーンインフラは 2.7%
の減少であり，最も小さい効果であった．一方，費用便益比については浸透井戸が他のものより 10 倍程
度効率的であった．これらの定量的な評価はアジア諸国の他のメガシティにおいても極めて有用な知見で
ある． 
第 7 章は結論である．  
以上，要するに本論文は，洪水氾濫モデルと気候モデルの出力値を用いて将来のジャカルタ市の洪水被
害額を空間分布で推定すると同時に，様々な適応策の評価を行い，アジアのメガシティの洪水氾濫への将
来政策に大きく貢献できる成果である． 
よって，本論文は博士（学術）の学位論文として合格と認める． 
 
 
